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© Optical scanning apparatus. 

© Scanning apparatus including a scanning mirror 
and a base, wherein the scanning mirror is pivotably 
mounted on a support which is linearly displaceable 
relative to the base. The scanning apparatus may 
also include a variable magnetic field source, moun- 



ted on the underside of the scanning mirror, and a 
fixed magnetic field source mounted on the base 
and arranged for electromagnetic interaction with the 
variable magnetic field emitter. 
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field emitter. 

Additionally in accordance with a preferred em- 
bodiment of the present invention, the scanning 
apparatus further comprises a mirror position sen- 
sor, which provides as output first and second 
present position signals representative of the 
present position of the scanning mirror, and posi- 
tion control circuitry, which receives as input the 
present position signals and first and second com- 
mand signals and which provides as output first 
and second new position signals representative of 
a new desired position for the scanning mirror. 

Additionally in accordance with a preferred em- 
bodiment of the present invention, the variable 
magnetic field emitter comprises at least one coil, 
and the first and second new position signals en- 
ergize the coil to generate the variable magnetic 
field. 

Additionally in accordance with a preferred em- 
bodiment of the present invention, the scanning 
mirror is mounted on the linearly displaceable sup- 
port via at least one pivotable assembly, the pivota- 
ble assembly comprising a plurality of electrically 
conductive, mutually isolated segments, and the 
first and second new position signals are transmit- 
ted to the coil via the at least one pivotable assem- 
bly. 

In accordance with a preferred embodiment of 
the present invention, the mirror position sensor 
comprises a conductive element fixed to the mirror 
and first and second conductive elements fixed to 
the base, and the first and second present position 
signals are functionally related to the capacitance 
between the conductive element fixed to the mirror 
and the first and second conductive elements fixed 
to the base, respectively. 

In accordance with a preferred embodiment of 
the present invention, the position control circuitry 
comprises apparatus for forming, from the first and 
second present position signals, a height indepen- 
dent value representative of the angular orientation 
of the scanning mirror relative to the base; appara- 
tus for combining the value representative of the 
angular orientation with one of the command sig- 
nals, to form the first new position signal; apparatus 
for forming, from the first and second present posi- 
tion signals, a tilt independent value representative 
of the height of the scanning mirror relative to the 
base from the first and second present position 
signals; and apparatus for combining the value 
representative of the height with the other of the 
command signals, to form the second new position 
signal. 

There is further provided in accordance with a 
preferred embodiment of the present invention, 
scanning apparatus comprising a scanning mirror 
having a front reflecting surface and a back sur- 
face, a base spaced from the scanning mirror by a 
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distance, electromagnetic apparatus for deflection 
of the scanning mirror comprising apparatus for 
providing angular deflection of the mirror surface 
with respect to the fixed base and apparatus for 
5 adjusting the distance of the scanning mirror from 
the base. 

Additionally in accordance with a preferred em- 
bodiment of the present invention, the apparatus 
for adjusting the distance of the mirror surface from 
10 the base comprises at least one cantilever; and the 
apparatus for providing angular deflection of the 
mirror surface comprises at least one flexible pivot 
mounted on the cantilever. 

In accordance with a preferred embodiment of 

75 the present invention, the electromagnetic appara- 
tus further comprises capacitive apparatus for mea- 
suring the angular deflection of the mirror surface 
with respect to the fixed base, and for measuring 
the distance of the scanning mirror from the base, 

20 the capacitive apparatus comprising apparatus for 
sensing the change in capacitance between at least 
one conductive element fixed to the mirror and at 
least one conductive element fixed to the base. 
In accordance with a preferred embodiment of 

25 the invention, the electromagnetic apparatus further 
comprises at least one magnet assembly mounted 
on the base, at least one coil mounted on the back 
surface of the scanning mirror, and apparatus for 
energizing the at least one coil. 

30 In accordance with a preferred embodiment of 
the present invention, the scanning apparatus fur- 
ther comprises first and second magnet assemblies 
mounted on the base and first and second coils 
mounted on the back surface of the scanning mir- 

35 ror, positioned to interact with said first and second 
magnet assemblies respectively, when energized, 
wherein the apparatus for providing angular deflec- 
tion of the mirror surface comprises apparatus for 
oppositely energizing the first and second coils, 

40 and the apparatus for adjusting the distance of the 
scanning mirror from the base comprises apparatus 
for identically energizing the first and second coils. 

In accordance with a preferred embodiment of 
the present invention, the scanning apparatus fur- 

45 ther comprises first and second magnet assemblies 
mounted on the base, and first and second coils 
mounted on the back surface of the scanning mir- 
ror and positioned to interact with said first and 
second magnet assemblies, respectively, when en- 

50 ergized; wherein the apparatus for providing an- 
gular deflection of the mirror surface comprises 
apparatus for providing a periodic, oppositely di- 
rected actuation of the first and second coils, and 
the apparatus for adjusting the distance of the 

55 scanning mirror from the base comprises apparatus 
for simultaneously providing a periodic, identically 
directed actuation to the first and second coils, 
wherein the period of the oppositely directed ac- 

3 
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of cantilevers 100 and 102 decreases the amount 
of force necessary to displace arms 108 and 1 10, 
since the moment arm between mirror, assembly 
20 and end supports 104 and 106 of cantilevers 
100 and 102, is increased. 

Coils 24 and 26 interact with assemblies 12 
and 14. Current in one direction in coils 24 and 26 
causes them to be drawn toward assemblies 12 
and 14, respectively, while current in the opposite 
direction causes coils 24 and 26 to move away 
from assemblies 12 and 14, respectively. If the 
currents in the two coils differ, the scanner tilts to 
the extent that the currents (and hence the forces) 
are unequal. Additionally, to the extent that the 
currents are identical and in the same direction, 
there is a net force up or down which causes 
deflection of arms 1 08 and 1 1 0 leading to vertical 
movement of mirror assembly 20. While a particu- 
lar method of magnetically exerting a force on 
mirror assembly 20 has been described, it will be 
appreciated by those skilled in the art that other 
methods could be employed, for example, the 
methods described in applicant's Israel patent ap- 
plication serial no. 102,485, entitled "Scanning Ap- 
paratus". 

As used herein, the term "currents in the same 
direction" (or "identically directed currents") shall 
mean currents which cause equal forces to be 
exerted on coils 24 and 26 in the same direction. It 
is these currents which cause vertical movement of 
the mirror. Also, "currents in the opposite direc- 
tion" (or "oppositely directed currents") shall mean 
currents which cause equal forces to be exerted on 
coils 24 and 26 in opposite directions. It is these 
oppositely directed currents which cause the mirror 
to tilt. 

For an arbitrary pair of currents I24 and fes 
supplied to coils 24 and 26, respectively, the iden- 
tically directed component equals 1/2 * (l 2 * + bs) 
and the oppositely directed component equals 1/2 * 
(I24 - 126). 

The preferred apparatus for controlling the mo- 
tion of substrate 21 relative to base 10 will now be 
described with reference to Figs. 5-9. As shown in 
Fig. 7, the preferred apparatus comprises a posi-' 
tion control circuitry 122 which receives, from a 
sensor 124, two feedback signals V24 and V26 re- 
presentative of the present position of substrate 21 
relative to base 10. Position control circuitry 122 
further receives a tilt command control signal over 
a line 126, representative of the desired change in 
the angular scanning position of substrate 21 rela- 
tive to base 10, and a vertical command control 
signal over a line 128, representative of the desired 
change in the vertical position of substrate 21 rela- 
tive to base 10. 

In response to these four received signals, 
position control circuitry 122 outputs a first driving 



current to coil 24 over a line 114, and a second 
driving current to coil 26 over a line 116. Lines 1 14 
and 116 each schematically represent one of the 
electrical connections available to coils 24 and 26 
5 via conductive pivot assemblies 30 and 32. Coils 
24 and 26 are further connected to ground via a 
line 118, which schematically represents a third of 
the electrical connections available via conductive 
pivot assemblies 30 and 32. 

70 A first component of the driving currents pro- 
vides currents in opposite directions to coils 24 and 
26. As will be appreciated, opposite currents will 
cause equal and opposite forces to arise between 
coil 24 and magnet 40, and between coil 26 and 

js magnet 42, which will in turn cause substrate 21 to 
pivot about pivot assemblies 30 and 32 until it 
reaches the equilibrium tilt position representative 
of this component. 

Similarly, a second component of the driving 

20 currents provides currents in the same direction to 
coils 24 and 26. As will be appreciated, equal 
currents will cause equal forces to arise between 
coil 24 and magnet 40, and between coil 26 and 
magnet 42, which will in turn cause substrate 21 to 

25 move vertically until it reaches the equilibrium 
height above base 10 representative of the iden- 
tically directed currents. 

Reference is now made to Figs. 5, 6, and 8 
which show a preferred embodiment of sensor 124. 

30 As shown in Figs. 5 and 6, sensor 124 includes a 
differential capacitor 151 comprising a plate 150 
attached to the back side of substrate 21, and a 
split conducting plate 152 attached to base 10. 
When assembly 20 moves or tilts as described 

35 above, the capacitance between plate 150 and the 
respective portions of split plate 152 changes. This 
change in capacitance is measured by capacitance 
measurement circuitry, as, for example, the cir- 
cuitry shown in Fig. 8. 

40 As shown in Fig. 8, an oscillating voltage 
source 154 supplies a high frequency carrier signal 
to plate 150 via a line 118, which schematically 
represents the fourth electrical connection available 
on substrate 21 via conductive pivot assemblies 30 

45 and 32. A pair of amplifiers 156 and 158 measures 
and amplifies the resulting modulated oscillating 
signals at the respective portions of split conduct- 
ing plate 152, to form the two voltage signals V24 
and V26- The capacitance measurement circuitry 

50 shown in Fig. 8 can be located in any convenient 
location, for example, on base 10. While a particu- 
lar method of capacitively measuring the position 
of mirror assembly 20 has been described, it will 
be appreciated by those skilled in the art that other 

55 methods could be employed, for example, the 
methods described in applicant's Israel patent ap- 
plication serial no. 102,485, entitled "Scanning Ap- 
paratus". 
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control circuitry 122 before scanning begins. Once 
set at the desired vertical position, feedback sig- 
nals v 2 4 and V2G will maintain scanner 204' at the 
new position, and the periodic vertical command 
signals received during the imaging of the target 5 
will induce vertical vibratory motion centered ar- 
ound the new position. 

It will be appreciated by those skilled in the art 
that the present invention is not limited to what has 
been particularly shown and described w 
hereinabove. While a preferred embodiment for 
implementing the invention has been described, 
many other embodiments for implementing the in- 
vention will occur to those of ordinary skill upon 
reading this disclosure. Therefore, the scope of the /5 
present invention is defined only by the following 
claims. 

Claims 

20 

1. Scanning apparatus, comprising: 

a scanning mirror; and 
a base, 

wherein the scanning mirror is pivotably 
mounted on a support which is linearly dis- 25 
placeable relative to the base. 

2. The scanning apparatus of claim 1, further 
comprising: 

a variable magnetic field source, mounted 30 
on the underside of the scanning mirror; and 

a fixed magnetic field source, mounted on 
the base, and arranged for electromagnetic 
interaction with the variable magnetic field em- 
itter. 35 

3. The scanning apparatus of claim 2, further 
comprising: 

a mirror position sensor, which provides as 
output first and second present position signals 40 
representative of the present position of the 
scanning mirror; and 

position control circuitry, which receives as 
input the present position signals, and first and 
second command signals, and which provides 45 
as output first and second new position signals 
representative of a new desired position for the 
scanning mirror. 

4. The scanner of claim 3, wherein the variable so 
magnetic field emitter comprises at least one 

coil, and wherein the first and second new 
position signals energize the coil to generate 
the variable magnetic field. 

55 

5. The scanner according to either of claims 3 or 
4, wherein the scanning mirror is mounted on 
the linearly disptaceable support via at least 



one pivotable assembly, the pivotable assem- 
bly comprising a plurality of electrically con- 
ductive, mutually isolated segments, 

and whereas the first and second new 
position signals are transmitted to the variable 
magnetic field source via the at least one 
pivotable assembly. 

6. The scanning apparatus according to any of 
claims 3-5, wherein the mirror position sensor 
comprises: 

a conductive element fixed to the mirror; 

first and second conductive elements fixed 
to the base; 

wherein the first and second present posi- 
tion signals are functionally related to the ca- 
pacitance between the conductive element 
fixed to the mirror and the first and second 
conductive elements fixed to the base, respec- 
tively. 

7. The scanning apparatus according to any of 
the claims 3-6, wherein the position control 
circuitry comprises: 

means for forming, from the first and sec- 
ond present position signals, a height indepen- 
dent value representative of the angular ori- 
entation of the scanning mirror relative to the 
base; 

means for combining the value representa- 
tive of the angular orientation with one of the 
command signals, to form the first new posi- 
tion signal; 

means for forming, from the first and sec- 
ond position signals, a tilt independent value 
representative of the height of the scanning 
mirror relative to the base from the first and 
second present position signals; and 

means for combining the value representa- 
tive of the height with the other of the com- 
mand signals, to form the second new position 
signal. 

8. Scanning apparatus, comprising: 

a scanning mirror having a front reflecting 
surface and a back surface; 

a base spaced from the scanning mirror 
by a distance; 

electromagnetic apparatus for deflection of 
the scanning mirror comprising: 

means for providing angular deflection of 
the mirror surface with respect to the fixed 
base; and 

means for adjusting the distance of the 
scanning mirror from the base. 

9. The scanning apparatus of claim 8, wherein: 

the means for adjusting the distance of the 
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